In previous studies, the incidence of PNI has been reported to be 13 to 23 per 100 000 individuals per year. PNIs have been estimated to affect between 1.64% and 2.8% of all trauma patients (24, 31) . PNI is a common problem, especially in young adult men, and may cause serious disability in this productive age group unless the injured nerve is repaired (1, 22, 24).
some partial peripheral nerve lesions can improve spontaneously without surgery. On the other hand, many complete nerve lesions caused by lacerations or penetrating injuries do not improve spontaneously over time. Therefore, these cases become candidates for surgical treatment.
Improved microsurgical techniques utilizing neurophysiological studies, the evaluation of the outcomes, and more objective methods increase the possibility of successful repair of nerve injuries (19). Many studies have reported outcomes after repair of peripheral nerve injuries, but there is no agreement regarding the timing of late-term surgery. However, Rochkind et al suggested that injured peripheral nerves survive for an extended period of time, and microsurgical treatment can result in functional improvements in these patients (26, 27 ).
This study aimed to evaluate the surgical techniques and preand postoperative clinical and electrophysiological changes in penetrating and cutting injuries of peripheral nerves to show that functional improvements are possible after surgery, even in cases where the surgery is performed more than one year after the injury.
█ mATERIAl and mEThODS
During a 6-year period from 2007 to 2012, we surgically treated a total of 185 patients with peripheral nerve lesions. In this study, we analyzed the results of surgery in 25 patients (a total of 30 nerves) with PNIs, due to penetrating and cutting injuries, who underwent delayed surgical treatment. None of the patients had undergone previous surgery and were examined by our department 3-30 (mean: 11.5) months after the initial injury. In our series, patients were evaluated with respect to pre-and postoperative clinical examinations, electrophysiological studies, lesion type and operative techniques. Muscle strength was assessed according to the MRC scale (British Medical Research Council scale) (Table I) .
surgical treatment was performed in all cases. Various types of surgical procedures were performed according to the intraoperative findings of injured nerves. Surgical procedures included simple decompression, end-to-end epineural anastomosis, partial excision of a neuroma, end-to-end interfascicular anastomosis and interfascicular anastomosis using sural nerve grafts. Microsurgical techniques were performed for all anastomoses. For the best surgical results, six to nine monofilament sutures were used for nerve repairs after clean re-cutting of the ends of the injured nerves.
If the patient had a complete nerve lesion or multi-fascicled (over 5 fascicles) nerves, and especially if the cut ends showed a very similar fascicular pattern, primary epineural repair was the preferred method of treatment ( Figure 1 ). If there was no transection and the nerves exhibited continuity and less than 5 large fascicles, interfascicular repair was the preferred method of treatment.Nerve grafting was preferred if nerve lesions and a loss of continuity were present and the nerve gap between the proximal and distal stumps was larger than 2 cm.
After surgery, physical therapy and rehabilitation programs were recommended to the patients. The mean follow-up period for the 25 surgically treated patients was 15 months (range, 12-48 months). Postoperative clinical and electrophysiological evaluations similar to those administered in the preoperative period were performed for each patient.
█ RESUlTS
Age-Gender: The study included 19 (76%) male and 6 (24%) female patients. The age of the patients ranged between 16 and 66 years, and the mean age was 30.1 years.
Etiology:
The study included patients with penetrating and cutting peripheral nerve injuries. The most common cause of nerve injuries was sharp lacerations resulting from broken glass [68% of all patients (n: 17)], followed by injuries caused by knives [16% (n: 4)] other blades [12% (n: 3)] and circular saw blades [4% (n: 1)].
Localization and Severity of Lesions: Among 25 cases of nerve injuries, the most frequently wounded nerve was the median nerve (13, 43.3%), followed by the ulnar (8, 26 .6%), radial (3, 10%), peroneal (3, 10%), tibial (2, 6.6%) and sciatic nerves (1, 3.3%). Double nerve injuries were detected in our patients. The coexistence of median and ulnar nerve injuries was found in 3 patients, and median and radial (n: 1) and peroneal and tibial (n: 1) nerve injuries were also observed (Table II) . According to the EMG findings, total, severe partial and partial lesions were found in 16, 11 and 3 patients, respectively (Table II, III). 
Clinical Features:
The mean duration from injury to hospital treatment was 11.5 months, ranging from 3 to 30 months. The muscle strength grading scale was used for the clinical evaluation of patients. In 25 patients, the preoperative strength of the muscle, which is linked to the responsible nerve, was M1 in thirteen patients, M2 in twelve patients, and M3 in five patients. M4 and M5 were not found in any patients.
The postoperative results of muscle strength tests showed significant functional improvement. The preoperative and postoperative comparisons of the results of muscle strength tests are shown in Figure 2 .
Surgical Procedure: epineural repair was the most often preferred surgical procedure and was performed for 10 (33.3%) peripheral nerve lesions. external neurolysis and decompression were performed on 8 (26.6%) lesions, epineurotomy and internal neurolysis were performed on 5 (16.6%) lesions, interfascicular anastomosis using sural nerve grafting was performed on 4 (13.3%) lesions, and fascicular repair was performed on 3 (%) lesions (Table  II, III) . Unfortunately, we could not perform intraoperative neurophysiological monitoring during the surgical procedures.
No complications developed in the postoperative period except for a superficial wound infection in one patient.
Outcomes:
The mean follow-up period was 18 months (range, 6-36 months). The evaluation of the performed surgical approach, preoperative and postoperative EMG findings and muscle strength scale results are presented in Table III . The preoperative and postoperative comparison of clinical assessments is shown in Figure 3 .
According to these results, the greatest improvement was obtained in patients who underwent simple decompression accompanied by external neurolysis and end-to-end epineural anastomosis. Interfascicular anastomosis performed using sural nerve graft was shown to have low probability of surgical success. The most successful EMG findings and clinical improvements were obtained in patients with medial nerve lesions. No significant electrophysiological improvements were observed for radial, tibial and sciatic nerve injuries; however, the results of motor strength assessments did show improvement.
electrophysiological improvement was not observed in 60.2% (n: 10) of 16 injured nerves at the end of a 15-month followup period (Figure 3 ). Normal postoperative EMG findings were detected in only 10% (n: 3) of all injured nerves. However, the results of muscular strength assessments were better than the EMG findings. According to these results, motor strength classifications of M4 and M5 were detected in 23.4% (n: 7) of the 30 injured nerves (Figure 2 ).
█ DISCUSSION
Peripheral nerve injuries may cause disability unless treated; therefore, they should be diagnosed as early as possible, and surgical intervention should be performed. A major problem for surgery for peripheral nerve injuries is the unpredictable final outcome. More knowledge regarding the prognostic factors of peripheral nerve surgery is needed for further improvement of functional outcomes after the repair of injured peripheral nerves.
The prognosis of peripheral nerve injuries depends on various factors such as the patient age, type of injury, severity of trauma, delay between the time of injury and repair, presence of additional organ injury and infection, affected nerve, distance between injury level and the affected organ, status of the anatomical integrity of the injured nerve, length of the defect between the proximal and distal ends and the experience and techniques of the surgeon (3, 29, (30) (31) (32) . Prognoses are better transection were associated with good recovery, whereas, neuroma-in-continuity or complete irregular transections were related to moderate or poor outcomes (8) .
There is some degree of disagreement concerning the optimal surgical timing for repairing injured nerves. The timing of nerve repairs is classified as primary repair (within 24 hours), delayed primary repair (within 1 to 7 days) or secondary repair (more than one week after injury) (5, 10). In this study, we reported the clinical and electrophysiological results of our patients who underwent secondary repairs of injured peripheral nerves. Both experimental (6, 23) and clinical studies (5, 7, 10, 34) have shown that early primary repair is superior to secondary repair as long as the tissue bed is adequate (14, 21, 33). In recent years, early primary repair has been the more preferred procedure in cases of transection of the nerve trunk related to a clean sharp wound with minimal contamination and no damage to vessels, bone or soft-tissue caused by sharp objects such as glass or blades (7, 10, 19, 24, 34) . Primary repair provides some advantages such as earlier return of function and decreased tension on the suture line at the site of repair resulting from stump contraction. Additionally, some studies have recommend nerve repair for blunt lacerations within 2 to 4 weeks after injury to allow the delineation of proximal and distal stump damage (16, 35).
It is generally thought that early surgical repair provides the best outcome for patients with peripheral nerve injury, and the prognosis is relatively poor if one year or longer passes before the repair of a nerve lesion (4, 11, 12, 15) . However, several studies have indicated that the results of delayed repair can be successful in most cases and recommend late term surgical treatment for peripheral nerve injuries (13, 20, 26, 27 ).
The use of microsurgical techniques for nerve repair provides good functional improvement. In a study by Rochkinds et al, the postoperative clinical analysis showed a statistically in children and young people than older adults (2, 5, 25). The critical age for a good prognosis ranges from 10 to 54 years (14, 18). The mean age of our cases was 30.1 years.
The outcome of nerve repair is dependent on the degree of nerve injury. In patients with peripheral nerve injuries, various repair rates have been reported in the literature based on the evaluation of the degree of nerve injury (total and partial lesions). Noble et al. reported a 25% rate of repair for total and partial lesions in (24). In our series, the rate of repair for total lesions was 56.1% for all patients.
several methods can be used to repair injured nerves. Intraoperative findings play an important role in the selection of surgical techniques. In our series, the most commonly performed interventions were end-to-end epineural anastomosis and external neurolysis accompanied by decompression. The results were more successful in the patients who underwent these surgical procedures. Additionally, the treatment success rate was higher in patients who underwent direct fascicular repair than in those who underwent end-to-end repair.
The length of the defect between the proximal and distal nerve is also an effective predictor of the prognosis (16, 17). There is a consensus in the literature that the prognosis after surgical repair becomes worse as nerve defects become larger (9, 14, 28, 29, 30). Because our study is retrospective, we did not measure defect lengths.
some previously reported studies have shown that injuries of the ulnar nerve in the upper extremities and the peroneal nerve in the lower extremities present worse prognoses (29, 30) . However, we found a good clinical outcome in patients with median and ulnar nerve injuries.
Daneyemez et al reported their 10-year experience with over 1500 patients who suffered peripheral nerve injuries. Their study showed that nerve continuity and non-complete significant improvement in motor functional activity, not only in the 33 patients who underwent microsurgical treatment up to one year after injury, but also in the 31 patients who underwent surgery one year or later after the injury (27). similarly, another study by these authors showed the outcomes of 35 patients suffering from old peripheral nerve injuries (from 1,2 to 50 years after injury). A good functional outcome was observed in 57% of 35 patients with old peripheral nerve injuries (26).
In our series, eMG follow-up after surgery demonstrated apparent electrophysiological improvement. EMG findings showed a return to normal function in 10% of the patients. The motor strength of nerve-related muscles in patients improved postoperatively to classifications of M4 (16.7%) and M5 (6.7%).
Our study has some deficiencies and limitations, such as the low number of patients and the retrospective, single center design. The number of patients was limited to 25 in our study. Therefore, controlled, prospective and randomized studies with larger case series are necessary to evaluate our findings. In addition, we did not perform electrophysiological monitoring during surgery. Intraoperative electrophysiological monitoring could provide an opportunity to assess the functional integrity of susceptible neural elements during surgery.
█ CONClUSION early primary repair should primarily be performed for nerve lesions in most patients. However, late surgical interventions can be performed in carefully selected groups of patients who do not promptly receive care for various reasons, although the results in these patients are worse than those in patients who are treated earlier.
